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Applicant's or agent's file reference 
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JKIANI NOTICE 


International application No. 
PCT/EP97/01741 


International filing date (day/month/year) 
08 April 1997 (08.04.97) 


Priority date (day/month/year) 
11 April 1996 (11.04.96) 


Applicant O^yUv. \ T.-p'.- ', ;" r , 
HOECHST SCHERING AGREVO GMBH et al tiTTH 'JHTXl 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,BR,CA,CN,EP,ILJP,KP,KR,NO,PL,SK,US 

Itfc /{A . AA 

In accordance with Rule 47.1(c), third sentence, those Offices will accept the present? Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AL,AM,AP,AZ,BA,BB,BG,BY,CU,CZ,EE,GE,H^^ 
OA,RO,RU,SG,SI/rJ/rMJR/rr,UA,UZ,VN,YU 

The communication will be made to those Officesonly upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
16 October 1997 (16.10.97) under No. WO 97/381 15 



REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

if the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 1 9-month time limit. 

— Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 



REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 
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34, chemin des Colombettes 
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1211 Geneva 20, Switzerland 
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PCT 



ANTRAG 



Dor Unter/eichnete bcantragt. da8 die \ orliegende 
interna lion ale An me Idling naeh dem V en rag iiher die 
Internationale Zusammenarbeit aufdern Gehiei des 
Paientw esens behandell wird. 



\ om Anmeldeami auszufullen 



Internationales Aktehiei 



97/0 174 i 



08 APR 1997 (flg. G i 97 

Internationales Anmcldedauim 



nURCHcAiV PAT£V r CP- ICE 

, PCT INTERNATOVA? .APPLICATION . 
Name des An me Idea mis und PCT international Appheatic 



Akienzeiehen des Anmelders oder AnwjJts ttidh newiinsvhn 
l2ZMwiU 1996/M206 ____ 



Feld Nr. I BEZEICHNl T NG HER ERF1NDI T N(; 

Process for the production of plants with enhanced growth characteristics 



Feld Nr. I] ANMELDER 



Name und Ansehrili: ' r'ninilienihttne. \ 'onuime: bcijttristischcn Past men v<MsuirJi^ciimtiichclic;cichnun\: 
lici dcr Anschrin sind die /W/W/;<//;/ und tier Same des Shuns an:u^ebenj 



Hoechst Schering AgrEvo GmbH 
Miraustrafce 54 
D- 13509 Berlin 
Deutschland 



□ 



Diese Person ist 
uleieh/.eiiie Erfinder 



Tolefnnnr.: 






069-305-6537 


Telefaxnr.: 




069-35-7175 



Femschreibnr.: 



4 1234 700 ho d 



Slaalsangehorigkeii (Staat): Q£ 



Sit/, oder Wohnsitz (Staat): Q£ 



DicsclVrsoniMAnnielder j I alle Besiim- f~\ allc BeMimiminssMxiten mil Ausnahmc I | nur die VerciniiMcn I | die nn Zusatzield 
furtolceildeSiaalcn: | | nuuvjssiaaten L_X_J dcr Y'crciniglen Stuatcn von Amerika | | Suiaien von Amerika | | uivjceehencnSiaaten 



Feld Nr. Ill WEITERE ANMELDER UND/ODER (\\ EITERE) ERFINDER 



Name and Ansehrili: ' I'amiliennamc. Yornamc: be i jurist is ehenPc rst menvt dlsuindiye am tlk 7i t • Bezeu "Imung. 

Hci dcr Ansehrijt siml die hi\tlcil:ahl und dcr Same des Si mils an:ui;eben I 

DONN, Gunter 
Sachsenring 35 
65619 Hofheim 
Deutschland 



Diese Person isi: 
| | nur An me! dcr 

| X | Anmelder und Erfinder 

□ nur Erfinder iWini dieses Kaswhen 
awekreuzt. so siml die nachstehenden 
AnntibennichtnotijiJ 



Slaalsangehorigkeii (Staat): 


Sitz oder Wohnsitz (St; 


uiu: DE 


Diese Person ist Anmelder | | alle Beslinv I" - 1 alle Bcsiimmunusstumcnmil Ausnahmc \TT\ nur die Vereiniaen | I die im Zusatzteld 
!urtol£cndc Stuatcn: | | mungsstaaten L_J dcr Vcreinigten'Siaaien von Amerika I * I Staaten von Amcrika I I anucucbcnenSiaaten 


X Weiicre Anmelder und/oder (weitere) Erfinder sind auf cinem Fortsetzungsblatt angegeben. 


Feld Nr. IV AN WALT ODER GEMEINSAMER VERTRETER; ZUSTELLANSCHRIFT 


Die folgende Person wird hicrmit bestellt/ist bestellt worden. um fur den (die) Anmelder | 1 . , | 1 gemeinsamer 

vor den zustandigen intemationalen Behorden in folgender Eigensehaft zu handeln als: | I Anwalt | | Vertreter 


Name und Anschri ft : f Fumilienname. Vomamc: beijuristischen Pcrsoncn vollstiindi^camtiichc Bezeichmtng. 

Bet dcr Attschrifi sind die Posdeitzahl und dcr Nome des Smuts anzugehen. 1 

Hoechst Schering AgrEvo GmbH 
Patente, Frankfurt; Gebaude K 801 
D-65926 Frankfurt am Main 
Deutschland 


Telefonnr.: 

069-305-6537 


Telefax nr.: 

069-35-7175 


Femscbreibnr.: 41 234700 ho d 



Dieses Kastchen isi anzukreuzen. wenn kein Anwalt oder gemeinsamer Vertreter bestellt ist und statt dessen im obiiien Feld 
fine spczielle Zustellanschrift angegeben ist. 



Pormblatt PCT/RO/IOI (Blatt I ) (5. Juli I994: Nachdruck Juli 1996) 



Sielw Anmerkttnven zu die si* m Ant ragsfonmdar 




2 



Blati Nr. 



Fortsetzung von Feld Nr. Ill WEITERE ANMELDER UND/ODER (WEITERE) ERFINDER 


' Wird keines der folgende n F elder bentuzt, so ist dieses Blatt dem Antrag nicht beizufugen. 


Name und Arise hri ft: f Familienname. Vorname: beijuristischen Personen vollstandige amtliche Bezeichnung. 

Bei der Mschrift sind die Posdeiizahl und der Name des Siaats anzageben) 

ECKES, Peter 
Am Flachsland 18 
65779 Keikheim 
Deutschland 


Diese Person ist: 
| ] nur Anmeider 

1 X 1 Anmeider und Ertlnder 

j | nur Ertlnder (Wird dieses Kastchen 

l 1 angekreitzt. so sind die nachstehenden 

Angaben nicht notig, ) 


Staatsangehorigkeit (Staat): 


Sitz Oder Wohnsitz (Staat): 


Diese Person istAnmelder i | alle Bestim- | | alleBesnrnmungsscaatenmicAusnahrne v nur die Vereinigten | 1 die im Zusatzfeld 

fur folgende Staaten: | 1 mungsstaaten I I der Vereinigten Staaten von Amerika <*> Staaten von Amerika | | an eegebenen Staaten 


j Name und Ansc hri ft: (Famiiienname. Vorname: beijuristischen Personen votlstcindi$e amtliche Bezeichnung. 
I Bei der Anschrift sind die Po'stieitzahl und der Name des Siaats anzitgeben) 

MULLNER, Hubert 
Stauffenstrafte 1 
65779 Keikheim 
Deutschland 


Diese Person ist: 
| 1 nur Anmeider 

I X | Anmeider und Erfinder 

1 1 nur Erfmder (Wird dieses Kastchen 

t 1 angekreitzt. so sind die nachsrehenden 

Angaben nicht notig.) 


Staatsangehorigkeit (Staat): q£ 


Sitz oder Wohnsitz (Staat): 


Diese Person istAnmelder i 1 aile Bestim- | 1 alle Bestimmungssiaaten mil Ausnahmc nur die Vereinigten 1 1 die im Zusatzfeld 
fur folgende Staaten: | ] mungsstaaten I | der Vereinigtcn Staacen von Amerika A Staaten von Amerika I | angegebenen Staaten 


Name und Anschrift: (F amilienname. Vorname: beijuristischen Personen vollstandige amtliche Bezeichnung. 

Bei der Anschrift sind die Postleirzahl und der Name des Staats anzu$eben) 

DUDITS, Genes 
Berkert u. 36/3 
H-6726 Szeged 
Ungarn 


Diese Person ist: 
[ 1 nur Anmeider 

1 X | Anmeider und Erfinder 

j I nur Erfinder (Wird dieses Kastchen 

I 1 angekreitzt, so sind die nachstehenden 

Angaben nicht notig.) 


Staatsansehbrigkeit (Staac): 

HU 


Sitz oder Wohnsitz (Staat): 

HU 


Diese Person istAnmelder i I alleBestim- I | alle Besummungsstaaten mil Ausnahme f~^"| nur die Vereinigten 1 1 die im Zusatzfeld 
fiir folgende Staaten: | 1 mungsstaaten | I der Vereinigten Staaten von Amerika 1 A 1 Staaten von Amerika | 1 angegebenen Staaten 


Name und Anschrift: ( Famiiienname, Vorname: beijuristischen Personen vollstandige amtiiche Bezeichnung. 

Bei der Anschrift sind die Postleitzahl und der Name des Staats anzugeben) 

PAULOVICS, Katalin 
Fo ut 2 
H-3873 Gradna 
Ungarn 


Diese Person ist: 
| | nur Anmeider 

| X | Anmeider und Erfinder 

| 1 nur Erfinder (Wird dieses Kastchen 

1 1 angekreuzt. so sind die nachstehenden 

Angaben nicht notig. ) 


Staaisangehdrigkeit (Staat): 

HU 


Sitz oder Wohnsitz (Staat): 

HU 


Diese Person ist Anmeider i | alle Bestim- | I alleBestimmungsstaatenmicAusnahme PJT] nur die Vereinigten | 1 die im Zusatzfeld 
fur folgende Staaten: | | mungsstaaten I I der Vereinigten Staaten von Amerika 1 A 1 Staaten von Amerika 1 1 angegebenen Staaten 


| X| Weitere Anmeider und/oder (weitere) Erfmder sind auf einem zusatzlichen Fortsetzungs blatt angegeben. 



Formblatt PCT/RO/101 (Fortsetzungsblatt) (Juli 1993; Nachdruck Juli 1996) Siehe Anmerkungen zu diesem Antragsformular 




Blatt Nr. 



Fortseaung von Fdd Nr. Ill WEITERE A NM ELDER UND/ODER (WEITERE) ERFINDER 


> Wird keines der folgenden F elder benutzt* so ist dieses Blatt dem Antrag nicht beizufiigen. 


Name und Anschri ft: ( Familietmame. Vorname: beijuristischen Personen vollstandiw cunttiche Bezeiclmung. 

Bei der Anschrift sind die Postleitzahl und der Name des Staats anzugeben) 

FEHER, Attila 
Jozsef A. sgt. 134 
H-6723 Szeged 
Ungarn 


Diese Person ist: 
1 1 nur Anmelder 

1 X 1 Anmelder und Erfinder 

| 1 nur Erfinder (Wird dieses Kastchen 

i 1 angekrettzt, so sind die nachstehenden 

Angabennicht ndtig.) 


Staatsansehoriekeit (Staat): 

HU 


Sitz Oder Wohnsitz (Staat): 

HU 


Diese Person iscAnmelder r 1 alle Bestim- ( | alle Bestimmunssstaatenmit Ausnahme r~y| nur die Vereinigten ( I die im Zusatzteld 
fur rblgende Scaacen: | | mungsstaaten | | der Vereinigten Staaten von Amerika 1 A l Staaten von Amerika | | aneegebenen Staaten 


Name und Anschri ft: f Familienname. Vorname: beijuristischen Personen vollsiandige amdiche Bezeichmmg. 

Bet derAnschrift sind die Posrfeitzahl und der Name des Staats anzugeben) 


Diese Person ist: 
1 | nur Anmelder 

[ j Anmelder und Erfinder 

( 1 nur Erfinder (Wird dieses Kastchen 

I 1 angekrettzt, so sind die nachstehenden 

Angaben nicht ndtig. ) 


Staatsangehorigkeit (Staat): 


Sitz oder Wohnsitz (Staat): 


Diese Person ist Anmelder / | alle Bestim- | I alle Bestimmungsstaaten mit Ausnahme I 1 tiur die Vereinigten 1 I die im Zusatzteld 
ftirfolgende Staaten: | | mungsscaaten | | der Vereinigten Staaten von Amerika | | Staacen von Amerika | | an gegebenen Staaten 


Name und Anschri ft: (Familienname. Vorname: betjurisnschenPersonenvolbtandigeamtlicheBezeichiung. 

Bei derAnschrift sind die Posdeitzahl und der Name des Staats anzugeben) 


Diese Person ist: 
| | nur Anmelder 

[ 1 Anmelder und Erfmder 

j | nur Erfinder (Wird dieses Kastchen 

t 1 angekrettzt, so sind die nachstehenden 

Angaben nicht ndtig. ) 


Staatsangehorigkeit (Staat): 


Sitz oder Wohnsitz (Staat): 


Diese Person iscAnmelder I ] alle Bestim- 1 | alle Bestimmungsstaaten mic Ausnahme I | nur die Vereinigten ( 1 die im Zusatzfeld 
fur folgende Staaten: LJ mungsstaaten 1 | der Vereinigten Staaten von Amerika | | Staaten von Amerika | | an gegebenen Staaten 


Name und Anschrift: { Familienname. Vorname: beijuristischen Personen vollstdndige amttiche Bezeichnung. 

Bei derAnschrift sind die Postleitzahl und der Name des Staats anzugeben) 


Diese Person ist: 
| [ nur Anmelder 

| | Anmelder und Erfinder 

1 | nur Erfmder (Wird dieses Kdsrchen 

1 1 angekreuzt, so sind die nachstehenden 

Angaben nicht notig.) 


Scaatsangehorigkeic (Staat): 


Si a oder Wohnsitz (Staat): 


Diese Person ist Anmelder i | aile Bestim- | 1 alle Bestimmungsstaaten mit Ausnahme I 1 nur die Vereinigten | 1 die imZusaufcld 

fiir to! gende Staaten: |_J mungsstaaten 1 1 der Vereinigten Staaten von Amerika 1 I Staaten von Amerika 1 | an gegebenen Staaten 


|1 Weitere Anmelder und/oder (weitere) Erfinder sind auf einem zusatzlichen Fortserzungsblatt angegefaen. 



Formblatt PCT/RO/101 (Fortsetzungsblatt) (Juli 1993; Nachdruck Juli 1996) Siehe Anmerkungen zu diesem Antragsformular 




t 



Blatt Nr. 



Fcld Nr. V BESTIMMUNG VON STAATEN 



Die lolgenden Bestimmungen nach Regel 4.9 Absatz ;i werden hiermit vorgenommen ihr.t Ju ouspredwnden Kiistehauinktvuur.: v. t i:^>:a:> 
J'] Ka.Hiiuv nuUiiinvekreu:! widen r. 
Reizionales Patent 

AP ARIPO-Patent: KE Kenia. LS Lesotho. M\V Malawi. SI) Sudan. SZ Swasiland. UG Uganda und jeder wcitere Staat. 



EA 



EP 



dor Vertragssiaat des Harare- Protoko IN und des PCT isi 

Eurasisches Patent: AM Amienien. AZ Aserbaidschan. BY Be tarns. KG Kirgisistan. KZ Kasachstan. MI) Republik 
Mofdau. RU Rttssisehe Foderation. T.( Tadschikistan. TM Turkmenistan und jeder ueitere Siaat. der Vertragssiaat des 
Eurasisehen Patent iibereinkonimens und des PCT isi 

Europaisches Patent: AT Osterreich, BE Belgien. CH und LI Seh\vei2 und Liechtenstein. DE Deutschland. 
OK Diinemark. ES Spanien. FI Finland. FR Frankreich. GB Vereinigtes Konigreich. GR Griechenland. IE Iriand. IT 
Italien. LU Luxemburg. MC Monaco. NL Niederlande. PT Portugal. SE Schweden und jeder weiiere Staat. der 
Vertragssiaat des Europaischen Paientubereinkommens und des PCT isi 
OA OAPI-Patent: BF Burkina Faso. BJ Benin. CF Zentrulafrikanische Republik. CG Kongo. CI Cote dTvoire. 
CM Kamerun. GA Gabun. GN Guinea. ML Mali. MR Maureianien. NE Niger SN Senegal. TI> Tschad. TG Togo 
und jeder weiiere Staat. der Vertragssiaat der OAP1 und des PCT isi t fulls eiiu andere Sfhrnzrechtsitrt infer ein .\on.\iiyi's 
YerjUhren gewiitisebt wird. hitte out' der ge/mnktcten Linie iingebem 

NniiunaJes Patent ndlJseine tmdvre SchmzrvchtMirtinler ein sanstiges Yrr/iihrn geuiiti.ulu wird. him jut'der gepunkieten Linie unxchen i: 



□ 
0 



□ 



AL Albanien . 
AM Amienien 
AT Osierreieh 



0 
0 
m 
□ 



□ 
□ 
0 
□ 
□ 
□ 
0 



A l 
AZ 
BB 
BG 
BR 
BY 



□ 
0 



Aserbaidschan 
Barbados 

Bulgarien 

Brasilien . 

Belarus 
CA Kanada 

CI I und LI Schweiz und Liechtenstein 

CN China 

CZ Tschechische Republik 

DE Deutschland 

DK Dane mark 

EE Estland 

ES Spanien 

FI Filmland 

GB Vereinigtes Konigreich 

(IE Georgien 

HU Ungarn 

IL Israel 
IS Island 

JP Japan 

KE Kenia 

KG Kirgisistan 

KP Demokratische Volksrepublik Korea 



LY Lett land 

MD Republik Moldau 

MG Madagaskar 

MK Die ehemaligc jugoslau isehe Republik 

Ma/edonien 

MN Mongolei 

MW Malawi 

MN Mexiko 

NO Norwegen 

NZ Ne usee land . . 

PL Polen 

PT Portugal 

RO Rumanien 

RU Russische Foderation . 

SI) Sudan 
SE Schweden 
SG Singapur 

SI Siowenien 

SK Slowakei 

TJ Tadschikistan 

TM Turkmenistan 

TR Tiirkei 

TT Trinidad und Tobago 

UA Ukraine 

UG Uganda 

US Vereiniste Staaten von Amerika 



0 
0 
□ 

□ 



KR Republik Korea 

KZ Kasachstan . . . 

LK Sri Lanka 

LR Liberia 

LS Lesotho 

LT Litauen 

LU Luxemburg . . . . 



m 

0 

0 
□ 
0 
0 
0 
0 
□ 

0 
□ 
□ 
0 
0 
0 
0 
0 
0 
0 
0 
□ 
s 

0 

Kastchen fur die Bestimmung von Staaten (fur die Zwecke eines 
nationalen Patents), die dem PCT nach der Veroffentlichunc 
dieses Formblatts beigetreten sind: 



UZ Usbekisian 
VN Vietnam . . 



X 



CU Kuba 

LC St, Lucia 

BA Bosnien und Herzegpwina. 
— Juqoslawien 



_ igi 

Zusatzlich zu den oben genannten Bestimmungen nimmt der Anmelder nach Kegel 4.9 Absatz b auch alle anderen nach dem 

PCT zulassigcn Bestimmungen vor mit Ausnahme der Bestimmung von • 

Der Anmelder erklart. daB diese zusatziichen Bestimmungen unter dem Vorbehalt einer Bestatigung siehen und jede zusatzliche 
Bestimmung. die vor Ablauf von 15 Monaten ab dem Prioritaisdatum nicht bestatigt wurde, nach Ablauf dieser Frist als vom 
A n meld er z u rii c k ge n om men g i 1 1 . I Die Bestatigung einer Bestimmung erfolgtditreh die Einreiehung einerMitteilung. imlerdk.se Bestimmung anseveben winl 
tun! die Zuhlimgdcr Besiimmttngs- und der Bestdngungsgebiihr. Die Bestatigung nmfl heim Anmetdeamt innerluiib tier Frist von 15 Monaten eingehen. . 



f-ormhiatt PCT/RO/101 (Blatt 2) Ouli 1996) 



Sivhe Annwrkttngcn z.it divsvm Antravsjimnutttr 



BUi Nr. ....... 



PCjp 2* 7 



4 1 



Feld Nr. VI I'RIORITATSANSPRl'CH 



Weitere Prioriiai>an>priiche >inJ im Zi^at/j'elJ angegebcn. | | 



Die Pnoritat tier U'lgenden t'riihereri Anmeldungieti » wird hiormii lvan>pruchi: 



Staal | 
1 . 1 t:i>u U A - <\hr lit *n?ftnutf:j\ .% n /< i 



Anmcklcdauini 

iTtiv/Mt»hu/Jtiiir> 



Akien/eiehen 



Anmeldeami 



i 1 > 



&5 <« 



(11.04.96) 
11. April 1996 



96 105 679.3 



I)U\\i-\k\i*u°hiT,imkivii:ai. wt'imdie hedtuthhte Kopic dcrlniihi\i:Annuh:uu<: v<>nticiuAniniu\<:i'sic{(i \\rrdcn soil, this tiir die /.\vi\\i die^rir.'.enunitituiU <:A>wuli(uni: 
Atwh hu>;t>:: lyiichu tnbiihr kttnn writing werdem: 

□ Da> Anmeldeami wird hiermii ersueht. eine beglaubigte AbNcbritt dec oben in Zeilemt • 
be/eichneten lriiheren AnmeldunuteiH zu eistellen und dem Internationale)! Burn zu iibermiueliv 



Feld Nr. VII INTERNATIONALE REt'HERCHENBEHORDE 



Walil der Ifitti nationakn ReehcrchenlK' horde c ISA I iSind zwei ader mehr Inienuiuanide 
Kcciicri in nfa-fnhdcnliirdieintcrnittitniafc Rccfivrclu ztishiiiJi is( der Xame tier lielinnfednzu^eben. 

die die wlcnuuionaU • Recherche tlurchtiihren soli; Y.weibuchshihcn-Cthlc iicniiiit ISA / 

Friihcrc Rocberchc: AusznfiiJlcn. warn cine Recherche fwiirnuficnalc Recherche, Recherclie nnernuiionuicr An tnicr >nn>:ii'c K» i i:cf\ he> bcrcits 
hri der inJcnuuioJiidcn Recherchenbeinirde hvunirap tnier ihr dnrch^ejiihri worden isi und diesc ttchordc nun trstuhi n •/></. Jit tuft r/hiiiomdc 
Rccherdic wm r// wic mi^lich tint ilic ljycbnis.se finer si>lchen friiheren Recherche zu siiitz.cn. Die Recherche tnlcr r Rechcrchvmmtra^ hi dutch 
Anmiht Jcr betreJtciuienAiune!dttity'b:\\\derefi i'bersetzun\: hnieiiles Rcchcrcheihmira»szubczeicUncn. 



Staal (oder regionales Ami): 

EPA/Den Haag 



Datum iTo^/Muntii/Jahn : 
04. November 1996 



Akien/eiehen: 
96 105 679.6 



Feld Nr. VIII KONTROLLISTK 



Diese internationale Anmeldun<! uintal.lt: 



1 . Am rag : 

2. Beschreibung : 

3. Anspritehe : 

4. Zusammentassung : 

5. Zeiehnungcn : 

lns"esiinit 



6 Bliitter 
20 Blatter 
2 Blatter 
1 Blatter 
Blatter 

29 Blatter 



Dieser internatiouulen Anmeldung liegen die naehsiehend angekreu/ten liuerlagen hei: 

'• O v"m^h!" ,ClC - CSl,ntJcr,C 5. [T] Blatll'urdicCichuh.cnhcrcclmMno 

i I | Kopie der allucmcincn 6. | | Gcs 
" i 1 Yollniacbl *" I 1 ^ 



Gesonderte Aniiaben /u liinier- 
Icli ic n M ikuKu ijani>men 

□ Sequen/proiokolle I'iir Nucleotide 
und/oder Aniinosiiuren (l)i>kette) 



nBeiiruiiduni: tur das Fehlen 7. 
der I nierselinl'i 

SPnoritalsbclcgic. (durcL i S . I 1 Sonsliae irinzchi auUidircn): 
aw /.cilenmmimcr von t ela 1 ' 

AV. VI kfimzvivlmen); 



Abbilduni: Nr. 



der Zeichiuuiijen (falls vorhandetn soli mil der Zusanimenlassuni: vcrolTcntliehi werden. 



Fcld Nr. IX UNTERSCHRIFT DFS ANMEKUKRS ODER VES AN WALTS 
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P. 




Zusatzfeld Wird dieses Zusatzfeld nicht benutzt, so ist dieses Blatl dem Antrag nicht beizufiigen. 



Dieses Feld ist in folgenden Fallen auszufiillen: 

/. Wenn der Platz in einent Feld nicht fiir alle A ngaben 
ausreicht: 

insbesondere: 



t) 



Hi) 



Wenn nwhr ids zwei An welder tmaVoder E/finder 
vorlumden sind tind kein Fortsetzungsblatt zur 
\eiiiigung steht: 

Wenn if i Fold Nr. II oder III die Angabe "die im 
Zusatzfeld angegcbenen Staaten " angekreuzt ist: 



W'vim der in Feld Nr. II oder III genannte Erfmder 
infer Erfindcr/ A nm elder nicht fiir idle B e stint - 
nmngssntaten oder fiir die Vereinigten Staaten von 
Amerika als Erfindcr henannt ist: 



ivt W'emt zusdtzlit it zu dent Anw alt/den Anw alien, die in 
I tld Nr. IV angegehen sind, we it ere Anwalte bestellt 
sind: 

17 W'cni t in Feld Nr. V bet einent Staat (oder bet OA PI) 
die Angabe "Zusatzpatent" oder "Zusatzzertifikat" 
tnler wenn in Feld Nr. V bet den Vereinigten Staaten 
von Anierika die Angabe "Fortsetzung" oder 
"Tei I fortsetzung" hinzugefiigt wird: 



vi) Wenn die Priori lilt von mehr als drei frit he re n 
Annuldungen beansprucht wird: 



2. Wenn der Anmelder fiir irgendein Bestimmungsamt 
die Vergiinstigung nationaler Vorschriften betreffend 
nnschadliche Offenbarung oder Ausnahmen von der 
Neuheitsschddlichkeit in Anspruch nimmt: 



Fortsetzung von Feld Nr. IX 



1) Gunter DONN 



L 



3) Hubert MULLNEl 




In diesetn Fall sind in it dem Vermerk "Fortsetzung von Feld Nr. ..." 
[Mummer des Feldes angeben] die gleichen Angaben zn machen wie in 
dem Feld vorgesehen, das platznidfiig nicht ausreicht: 



hi diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. Ill" fiir 
jede weitere Person die in Feld Nr. Ill vorgesehenen Angaben zn 
machen. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. II". 
"Fortsetzung von Feld Nr. Ill" oder "Fortsetzung von Feld Nr. II and 
Nr. Ill" die Namen der Anmelder and neben jedem Namen der Staat oder 
die Staaten (wul/oder ggf. ARIPO-. eurusisches. europaisches oder 
OAPI -Patent) anzugeben. fiir die die bezeiefmete Person Anmelder ist. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. II" oder 
"Fortsetzung von Feld Nr. HI" oder "Fortsetzung von Feld Nr. If and 
Nr. Ill" der Name des Ei finders and neben jedein Namen der Staat oder 
die Staaten (und/oder ggf. ARIPO-. eurasisches. europaisches oder 
OAPI-Patent) anzugeben. fiir die die hezeiehnete Person Etfinder ist. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. IV" fiir 
jeden weiteren An wait die gleichen Angaben zu machen wie in Feld 
Nr. IV vorgesehen. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. \"' die 
Namen der betrejfenden Staaten toder OAPI) itnd nach dem Namen jeder 
dieser Staaten (oder OAPI) das Aktenzeichen des Hauptschutzrechts 
oder der Htntptschutzrechtsanmeldimg unddus Datum der Erteilung des 
Hauptschutzrechts oder der Einreichttng der Hauptschutzrechts- 
anmeldung anzugeben. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. VI" fiir 
jede weitere frit he re Anmeldung die gleichen Angaben zu machen wie in 
Feld Nr. VI vorgesehen, 

In diesem Fall ist mit dem Vermerk "Erkldrung betreffend unschddliche 
Offenbarung oder Ausnahmen van der Neuheitsschadlichkeit'" 
nachstehend diesc Erkldrung abzugeben. 
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6a 



Zusatzfeld Wird dieses Zusatzfeld nicht benutzt, so ist dieses Blatt dem Antrag nicht beizufiigen. 



Dieses Feld ist in folgenden Fallen auszufiillen: 

I. Wenn der Platz in einem Feld nicht Jiir alle A ngaben 
ausreicht: 



insbesondere: 
0 



Wenn mehr als zwei Anmelder und/oder Erfinder 
vorhanden sind und kein Fortsetzungsblatt zur 
Verfiigung steht: 

ii) Wenn in Feld Nr. II oder HI die Angabe "die im 
Zusatzfeld angegebenen Staaten " angekreuzt ist: 



Hi) Wenn der in Feld Nr. II oder III genannte Erfinder 
oder Erfinder /Anmelder nicht fur alle Bestim- 
mungsstaaten oder fiir die Vereinigten Staaten von 
Amerika als Erfinder benannt ist: 



iv) Wenn zusatzlich zu dem Anwah/den Anwalten. die in 
Feld Nr. IV angegeben sind, weitere Anwcilte bestellt 
sind: 

v) Wenn in Feld Nr. V bei einem Staat (oder bei OAPl) 
die Angabe "Zusatzpatent" oder t 'Zusatzzerriflkat' , 
oder wenn in Feld Nr. V bei den Vereinigten Staaten 
von Amerika die Angabe "Fortsetzung" oder 
"Teilfortsetzung " hinzugefiigt wird: 



vi) Wenn die Priori tat von mehr als drei fruheren 
Anmeldungen beansprucht wird: 



2. Wenn der Anmelder fur irgendein Bestimmungsamt 
die Vergunstigung nationaler Vorschriften betreffend 
unschadliche Offenbarung oder Ausnahmen von der 
Neuheitsschddlichkeit in Anspruch nimmt: 



Fortsetzung von Feld Nr. IX 



In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. ..." 
[Nummer des Feldes angeben] die gleichen Angaben zu inachen wie in 
dem Feld vorgesehen, das platzmafiig nicht ausreicht; 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. HI" fiir 
jede weitere Person die in Feld Nr. HI vorgesehenen Angaben zu 
machen. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. II'\ 
"Fortsetzung von Feld Nr. HI" oder "Fortsetzung von Feld Nr. II und 
Nr. Ill" die Namen der Anmelder und neben jedem Namen der Staat oder 
die Staaten (und/oder ggf. ARIPO-. eurasisches, europaisches oder 
OAPI-Patent) anzugeben, fiir die die bezeichnete Person Anmelder ist. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. II" oder 
"Fortsetzung von Feld Nr. Ill" oder "Fortsetzung von Feld Nr. II und 
Nr. HI" der Name des Erfinder s und neben jedem Namen der Staat oder 
die Staaten (und/oder ggf. ARIPO-, eurasisches, europaisches oder 
OAPI-Patent) anzugeben, fiir die die bezeichnete Person Erfinder ist. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. IV" fiir 
jeden weiteren Anwalt die gleichen Angaben zu machen wie in Feld 
Nr. IV vorgesehen. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. V" die 
Namen der betreffenden Staaten (oderOAPI) undnach dem Namen jeder 
dieser Staaten (oder OAPI) das Aktenzeichen des Hauptschutzrechts 
oder der Hauptschutzrechtsanmeldung und das Datum der Erteilung des 
Hauptschutzrechts oder der Einreichung der Hauptschutzrechts- 
anmeldung anzugeben. 

In diesem Fall sind mit dem Vermerk "Fortsetzung von Feld Nr. VI" fiir 
jede weitere f ruber e Anmeldung die gleichen Angaben zu machen wie in 
Feld Nr. VI vorgesehen. 

In diesem Fall ist mit dem Vermerk u Erkldrung betreffend unschadliche 
Offenbarung oder Ausnahmen von der Neuheitsschddlichkeit" 
nachstehend diese Erkldrung abzugeben. 
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TITLE OF THE INVENTION 



^0to ? d^T/PT0 0.8 0CT1938 



Process for the production of plants with enhanced growth characteristics 
RELATED APPLICATIONS 

Reference is made to U.S. application Serial No. 08/465,526, filed June 5, 1995, as 
a division of U.S. application Serial No. 08/360,176, now U.S. Patent No. 5,545,819; 
each of these U.S. applications and U.S. Patent are hereby incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The invention relates to: improving plant growth by expression of at least one 
bacterial asparagine synthetase in the chloroplast and/or plastid of cells of the plant; 
methods for so improving plant growth including introducing a nucleic acid molecule 
encoding the bacterial asparagine synthetase into the plant genome (e.g., into plant 
cells and culturing and/or regenerating the cells into the plants) wherein the nucleic 
acid molecule is operably linked to a nucleic acid molecule comprising regulatory 
sequences for expression and for import of the bacterial asparagine synthetase into 
the chloroplast and/or plastid; and, to plants having such improved growth. 



Several documents are cited in the following text. Documents cited herein are 
hereby incorporated herein by reference. 
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BACKGROUND OF THE INVENTION 



Nitrogen often is the rate-limiting element in plant growth. Most field crops have a 
fundamental dependence on inorganic nitrogenous fertilizer. Mineral fertilizers are a 
major source for ground water pollution. Therefore it would be beneficial if plants 
could utilize the existing nitrogen more efficiently. 



Nitrogen is taken up by the plant as inorganic compounds, namely nitrate and 
ammonia. The majority of this nitrogen is assimilated into organic compounds like 
amino acids. The enzyme glutamine sythetase plays a major role since it catalyses 
the assimilation of ammonia into glutamine. Glutamine together with asparagines 
are the main transport forms of nitrogen in plants. As described in EP 51 1 979 the 
expression of a bacterial asparagines synthetases leads to improved growth 
characteristics which may be enhanced by the additional treatment of the plants with 
the herbicide glufosinate, a glutamine synthetase inhibitor. Whereas WO 95/09911 
describes the production of a plant with improved agronomic or nutritional 
characteristics by over expression of one or several nitrogen/metabolism enzymes 
Applicants have now been able to find a quite different way to improve plant growth 
characteristics. 



SUMMARY OF THE INVENTION 



It has surprisingly be found that it is possible to improve plant growth capacities by 
the targeted expression of at least one bacterial asparagine synthetase in the 
chloroplast. 




WO 97/381 15 PCTYEP97/01741 

3 

The present invention is directed to a process for the production of plants with 
improved growth characteristics which comprises the following steps: 

transfer and integration of a DNA sequence coding for a bacterial asparagine 

synthetases in the plant genome 

wherein said DNA sequence is linked to regulatory sequences which ensures 
expression of said gene in a plant cell and leading to the import of the 
derived protein into the chloroplast and/or plastids of said plant cells and 
regeneration of intact and fertile plants from the transformed cells. 

According to instant invention the term improved growth characteristics is to be 
understood as encompassing enhanced or faster and more vigorous growth as well 
as more yield and/or earlier flowering. The process according to instant invention 
leads also to bigger or more reproductive organs as for example the seeds or bigger 
or more storage organs as for example tubers. 

According to instant invention the bacterial asparagines synthetases may also be 
expressed directly in the chloroplast by integrating the gene directly into the genome 
of the chloroplast and/or plastids by for example the biolistic transformation 
procedure (see US Patent No. 5,451,513 incorporated herein by reference). 

Therefore, the instant invention is also directed to a process for the production of 
plants with improved growth characteristics which comprises the following steps: 

transfer and integration of a DNA sequence coding for a bacterial asparagine 
synthetases into the genome of the chloroplast and/or plastids of a plant 
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cells, 

expression of said gene under the control of appropriate regulatory elements 
and 

regeneration of intact and fertile plants from the transformed cells. 

Surprisingly, it was possible to enhance the growth improving effect even more by 
reducing the level of the glutamine synthetase expressed in the plant cell. 

Accordingly, the instant invention is also directed to processes for the production of 
plant cells wherein said plant cells express a further gene construct which leads to a 
reduced level of its endogeneous glutamine synthetase activity. 

A "DNA sequence", as the term is used herein, can mean a nucleic acid molecule, 
e.g., an isolated nucleic acid molecule; and, a "regulatory sequence", as the term is 
used herein, can mean a nucleic acid molecule which functions to regulate 
expression and/or import, e.g., import into a chloroplast and/or plastid. 

Thus, the invention provides a plant cell containing DNA coding for prokaryotic, e.g., 
bacterial, asparagine synthetase, e.g., ammonium-specific asparagine synthetase, 
type A, operably linked to a regulatory sequence for expression of the DNA and 
import of the asparagine synthetase into the chloroplast and/or plastid of the cell, 
wherein the cell expresses the asparagine synthetase. Thus, the plant cell 
expresses the asparagine synthetase in its chloroplast and/or plastid. The plant cell 
can also contain a construct which provides reduced levels of expression of 




WO 97/38115 PCT/EP97/01741 

5 

endogenous glutamine synthetase, e.g., the endogenous gene therefor can be 
deleted or disrupted. 

The invention further provides a method for increasing growth of a plant comprising: 
transforming a plant cell so that the cell contains DNA coding for prokaryotic, e.g., 
bacterial asparagine synthetase, e.g., ammonium-specific asparagine synthetase, 
type A, operably linked to a regulatory sequence for expression of the DNA and 
import of the asparagine synthetase into the chloroplast and/or plastid of the cell, 
wherein the cell expresses the asparagine synthetase (e.g., in its chloroplast and/or 
plastid); and regenerating the plant from the cell. The plant is preferably intact and 
fertile. 

The plant cell in the method can also have the endogenous gene for glutamine 
synthetase deleted or disrupted, or otherwise expressed at a reduced level. Thus, 
the method can include transforming a plant cell to have a reduced level of 
expression of endogenous glutamine synthetase (e.g., by disrupting or deleting the 
gene therefor) and so that the cell contains DNA coding for prokaryotic, e.g., 
bacterial asparagine synthetase, e.g., ammonium-specific asparagine synthetase, 
type A, operably linked to a regulatory sequence for expression of the DNA and 
import of the asparagine synthetase into the chloroplast and/or plastid of the cell, 
wherein the cell expresses the asparagine synthetase (e.g., in its chloroplast and/or 
plastid); and regenerating the plant from the cell. The plant is preferably intact and 
fertile. 



The methods can further comprise treating the plant with a glutamine synthetase 
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inhibitor. 



The DNA coding for the asparagine synthetase can be from E. coli However, from 
this disclosure, and the documents cited herein, and the knowledge in the art, one 
skilled in the art can ascertain other genes encoding asparagine synthetase, i.e., 
asn-A genes, from other microorganisms, e.g. by any routine procedure, for 
instance: 

1. Ascertaining an asn-A gene product activity by routine assays for the 
asparagine synthetase type A with subsequent purification of the enzyme, 
e.g., according to Cedar & Schwartz 1969, J. Biol. Chem., 244, 41 12-21 and 
4122-4127, Humbert & Simoni, 1980, J. Bacterid., 142, 212-220, and Reitzer 
& Magasanik, 1982, J. Bacteriol., 151, 1299-1313; see also Herrmann and 
Somerville, "Amino Acids, Biosynthesis And Genetic Regulation", pp. 137- 
145 (Addison-Wesley Pub. Co. 1993). 

2. Production and purification of polyclonal antibodies against the asn-A gene 
product according to well-known immunological methods. And, 

3. Screening of expression libraries of microorganisms with isolated antibodies 
against asparagine synthetase type A according to well-known molecular 
biological methods. 

The above-described procedures make it clear that a skilled artisan can obtain asn- 
A gene sequences from other microorganisms by routine methods. Preferred 
asparagine synthetase utilizes ammonium ions as an amide donor for the production 
of asparagine; and thus, preferred DNA encodes such asparagine synthetase. 
Further, the regulatory sequence can be for a chloroplastic leader peptide; and, the 
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DNA coding for asparagine synthetase and the regulatory sequence can thus 
encode a prokaryotic asparagine synthetase, e.g., a bacterial asparagine 
synthetase such as E. co/i asparagine synthetase, with a chloroplastic peptide at its 
N-terminaL 

In the methods described herein, the growth of the plant is increased relative to non- 
transformed plants. 

The invention further comprehends a plant, seeds, propagule or propagation 
material, from the foregoing methods, or containing the foregoing cells. 

Additionally, the invention comprehends a gene construct comprising an isolated 
nucleic acid molecule encoding a prokaryotic, e.g., bacterial, asparagine 
synthetase, e.g., ammonium-specific asparagine synthetase, type A, operatively 
linked to a regulatory sequence active in plants for expression of the nucleic acid 
molecule and import of the asparagine synthetase into the chloroplast and/or plastid 
of cells of plants, e.g., a chloroplastic leader peptide; and therefore, in an 
embodiment the invention can provide a gene construct comprising an isolated 
nucleic acid molecule encoding a prokaryotic, e.g., bacterial such as E. co//, 
asparagine synthetase with a chloroplastic leader at its N-terminus. The invention 
also comprehends vectors containing the inventive gene constructs. The vector can 
be useful for transforming plant cells. Thus, the invention comprehends a plant cell 
transformed with the gene construct or vector, as well as plants, seeds, and 
propagules or propagation materials containing such cells. 
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And, the invention comprehends gene constructs and vectors for reducing 
endogenous glutamine synthetase expression, e.g., for inserting termination codons 
after regulatory sequences and prior to coding sequences, or for otherwise 
disrupting the gene for endogenous glutamine synthetase, as well as cells 
transformed with such gene constructs or vectors, and plants, seeds and propagules 
or propagation materials containing such cells. 

These and other embodiments are disclosed or are obvious from and encompassed 
by, the following Detailed Description. 

DETAILED DESCRIPTION 

A preferred method of introducing the nucleic acid segments into plant cells is to 
infect plant cells with A. tumefacient carrying an inserted DNA construct. The nucleic 
acid segments or constructs can be introduced into appropriate plant cells, for 
example, by means of the Ti plasmid of A. tumefaciens. The T-DNA is transmitted to 
plant cells upon infection by A. tumefaciens, and is stably integrated into the plant 
genome. Under appropriate conditions known in the art, the transformed cells 
develop further into plants. 

The Agrobacterium strains customarily employed in the art of transformation are 
described, for example see especially US Patent No. 5,188,958 and EP 0 270 615 
B1, incorporated herein by reference. 

Ti plasmids contain two regions essential for the production of transformed cells. 
One of these, named transfer DNA (T DNA), induces tumour formation. The other, 
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termed virulent region, is essential for the introduction of the T DNA into plants. The 
transfer DNA region, which is transferred into the plant genome, can be increased in 
size by the insertion of the foreign nucleic acid sequence without its ability of 
transfer being affected. By removing the tumour-causing genes so that they no 
longer interfere the modified Ti plasmid ("disarmed Ti vector") can then be used as a 
vector for the transfer of the gene constructs of the invention into an appropriate 
microspores. In the binary system, to have infection, two plasmids are needed: a T- 
DNA containing plasmid and a vir plasmid (see especially EP 1 16718 B1 and EP 
120 516 B1). 



Besides transformation using Agrobacteria there are many other techniques for the 
introduction of DNA available. These techniques include, e.g. the protoplast 
transformation (see EP 164 575) the micro injection of DNA, the introduction of DNA 
via electroporation as well as biolistic methods and virus mediated infection. From 
the transformed cells applying suitable media and techniques whole plants can be 
regenerated (see McCormick et al. (1986) in Plant Cell Reports 5: 81-84). The 
regenerated plants may be preferably used to cross them with existing breeding 
lines to improve their growth characteristics as well. 

The DNA constructs used in instant invention consist of a transcription initiation 
region and, under the control of the transcription initiation region, a DNA sequence 
to be transcribed. The DNA sequence may comprise a natural open reading frame 
including transcribed 5' and 3' flanking sequences. Alternatively, it may comprise an 
anti-sense sequence that encodes the complement of an RNA molecule or portion 
thereof (as described in EP 140 308 B1 and EP 223 399 B1) in order to suppress 
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the expression of the internally expressed glutamine synthetases. 

The initiation regions may be used in a variety of contexts and in combination with a 
variety of sequences. The RNA coded sequences of a gene may be those of a 
natural gene, including the open reading frame for protein coding and frequently the 
5' and 3' untranslated sequences. The RNA translational initiation sequences are 
included in the constructs, either from the promoter domain or from the attached 
coding sequences. 

Attached to the above sequences are appropriate transcription termination and 
polyadenylation sequences. 

The DNA constructs used in the transformation process according to instant 
invention may comprise sequences coding for naturally occurring or genetically 
modified transit peptides (see for example EP 189 707 B1). 

Examples of additionally expressed sequences or genes to be expressed from the 
constructs of the subject invention include: 

- especially antisense or sense genes (for gene suppression or cosuppression); 
as well as additionally 

- nutritionally important proteins: growth promoting factors; 

- yield enhancing genes or factors, e.g. an invertase gene, a citrate synthase, a 
polyphosphate kinase; 

- proteins giving protection to the plant under certain environmental conditions, e. 
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g. proteins giving resistance to metal or other toxicity; 

- stress related proteins giving tolerance to extremes of temperature, freezing, etc. 

- proteins of specific commercial value; 

- genes causing increased level of proteins, e. g., enzymes of metabolic pathways, 

- genes causing increased levels of products of structural value to a plant host, e. 
g., herbicide resistance, fungus resistance, e.g. chitinase genes, glucanase 
genes, proteins synthesis inhibitor genes, ribosome inhibitory protein genes, 
viral resistance, e.g. ribozymes, virus coat protein genes. 

The subject constructs will be prepared employing cloning vectors, where the 
sequences may be naturally occurring, mutated sequences, synthetic sequences, or 
combinations thereof. The cloning vectors are well known and comprise prokaryotic 
replication systems, markers for selection of transformed host cells, and restriction 
sites for insertion or substitution of sequences. For transcription and optimal 
expression, the DNA may be transformed into plant cells for integration into the 
genome, where the subject construct is joined to a marker for selection or is co- 
transformed with DNA encoding a marker for selection. 

The selection of transformed cells is enabled by the use of a selectable marker gene 
which is also transferred. The expression of the marker gene confers a phenotypic 
trait that enables the selection. Examples for such genes are those coding for 
antibiotics or herbicide resistance, e.g. genes causing resistance against glutamine 
synthetases inhibitors, e.g. bialaphos or phosphinothricin resistance conferred by 
genes isolated from Streptomyces hygroscopicus or viridochromogenes (BAR/PAT). 
Other examples are the neomycin phosphotransferase or the glucuronidase gene. 
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The class of transgenic plants which are covered by this invention is generally as 
broad as the class of higher plants susceptible to transformation, including both 
monocotyledonous and dicotyledonous plants. It is known that theoretically all 
plants can be regenerated from cultured totipotent cells, including but not limited to 
all major cereal crop species, sugarcane, sugar beet, cotton, fruit and other trees, 
legumes and vegetables. 

Examples of families that are of special interest are Poaceae, but also Solanaceae, 
Malvaceae and Brassicaceae. 

Some suitable species include, for example, species from the genera Fragaria, 
Lotus, Medicago, Onobrychis, Trifolium, Trigonella, Vigna, Citrus, Linum, Geranium, 
Manihot, Daucus, Arabidopsis, Brassica, Raphanus, Sinapis, Atropa, Capsicum, 
Hyoscyamus, Lycopersicon, Nicotiana, Solanum, Petunia, Digitalis, Majorana, 
Ciohorium, Helianthus, Lactuca, Bromus, Asparagus, Antirrhinum, Hererocallis, 
Nemesia, Pelargonium, Panicum, Pennisetum, Ranunculus, Senecio, Salpiglossis, 
Cucumis, Browaalia, Glycine, Lolium, Zea, Triticum, Sorghum, and Datura. 

Examples of species of commercial interest that can be protected include: 

- tobacco, Nicotiana tabacum L. 

- tomato, Lycopersicon esculentum Mill, 

- potato, Solanum tuberosum L, 

- Canola/Rapeseed, 

- Brassica napus L, 
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- cabbage, broccoli, kale etc., 

- Brassica oleracea L, 

- mustards Brassica juncea L, 

- Brassica nigra L, 

- Sinapis alba L. (Brassicaceae), 

- petunia, Petunia hybrida (Solanaceae) 

- sugar beet, Beta vulgaris,(Chenopodiaceae), 

- cucumber, Curcurbita sp. (Curcurbitaceae), 

- cotton, Gossypium sp., (Malvaceae), 

- sunflower, Helianthus annuus, 

- lettuce Lactuca sativa, (Asteraceae=Compositae), 

- pea, Pisum sativum, 

- soybean, Glycine max and alfalfa, Medicago sp. (Fabaceae=Leguminoseae), 

- asparagus, Asparagus officinalis; 
-gladiolus, Gladiolus sp., (Lilaceae); 

- com, Zea mays; 

- rice, Oryza sativa (Poaceae); 

- wheat, Triticum aestivum (Poaceae); and 

- barley, Hordeum vulgare (Poaceae). 

In an preferred embodiment the invention covers transformed potato, tobacco, corn, 
sugar beet, cotton, rape seed, soy bean, lupine, rice and wheat. Especially 
preferred are potatoes 



The invention additionally relates to transformed plants which have been 
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regenerated out of different cell types and which have been transformed according 
to instant invention. 

The transformation can be carried out as described in the following examples, 
provicded by way of illustration only. 

EXAMPLES 

In general, preparation of plasmid DNA, restriction enzyme digestion, agarose gel 
electrophoresis of DNA, Southern blots, DNA ligation and bacterial transformation 
were carried out using standard methods. (Maniatis et al., Molecular Cloning, a 
Laboratory Manual, Cold Spring Harbor Laboratory (1982), referred to herein as 
"Maniatis" and hereby incorporated by reference.) 

Example 1 : 

Fusion of a bacterial asparagine synthetase gene to the nucleotide sequence for a 
duplicated chloroplast transit peptide 

Based on the complete nucleotide sequence of the ASN-A gene from E. coli 
(Nakamura et al. (1981) or EP 51 1 979) the gene was cloned as a Hga 1 /Pst 1 
fragment into the vector pUC18. By means of PCR based in vitro mutagenesis a 
Sphl site was created at the ATG translational start codon changing the nucleotide 
sequence from AAA ATG AAA ACC GCT (SEQ ID No: 1 ) into GGC GCATG CAG 
AAA ACC GCT (SEQ ID No.: 2). This mutation introduced an additional codon for 
glutamic acid into the gene directly following the ATG translation start codon. 



WO 97/38115 PCT/EP97/01741 

15 

The nucleotide sequence for a modified transit peptide from the small subunit of 
Ribulosebisphosphat Carboxylase from pea was isolated from the vector pNi6/25 
(Wasmann, C.C. et al (1986) Mol. Gen. Genet. 205: 446-453) as a Hind3/Sph1 
fragment. This transit peptide contains a duplication of 20 amino acids compared to 
the natural transit peptide. 

The sequence of the duplicated transit peptide and ASN-A gene were fused by 
ligating the Sph1 sites resulting in tpASN. The tpASN gene was exised as a 
Hind3/Pst1 fragment and after changing the Hind3 site into a Kpn1 site cloned 
between CaMV 35S promoter and -terminator of the vector pDH51 6 Kpn. 

Example 2: 

Expression of the tpASN gene in tobacco and rape seed 

The 35S-promoter/tpASN gene/35S-terminator cassette from pDH51 6 Kpn was 
isolated as an EcoR1 fragment, Hind3 linkers were added and the fragment was 
cloned into the Hind3 site of the vector pHOE6/Ac, which confers phosphinothricin 
resistance to plants. The resulting vector was called pHOEOAc/tpASN. This vector 
was transformed into the C58 Agrobacterium strain MP90RK (Koncz et al., Mol. 
Gen. Gen., 204, 383-396 (1986)). 

Tobacco and rape seed plants were transformed following published procedures. 
Plants were regenerated on Murashige and Skoog based media. 



Transformed plants were selected because of their resistance to the herbicide 
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phosphinothricin (PPT). PPT resistant plants were analysed for the presence of the 
bacterial asparagine synthetase gene. In a Northern Blot analysis ASN-A specific 
RNA was detected in the plants. With polyclonal antibodies it is demonstrated that 
the protein was targeted into the chloroplasts. 

Example 3: 

Expression of the tpASN gene in maize 

The 35S-promoter/tpASN gene/35S-terminator cassette from pDH51 5Kpn was 
isolated as an EcoR1 fragment, Hind3 linkers were added and the fragment was 
cloned into the Hind3 site of the vector pB2/35SAc resulting in pB35SAc/tpASN. 
This vector was used to transform maize protoplasts according to published 
procedures (EP 51 1 979 or EP 164 575). Plants were regenerated on Murashige 
and Skoog based media. Transformed plants were selected because of their 
resistance to the herbicide phosphinothricin (PPT). PPT resistant plants were 
analysed for the presence of the bacterial asparagine synthetase gene. In a 
Northern Blot analysis ASN-A specific RNA was detected in the plants. With 
polyclonal antibodies it is demonstrated that the protein was targeted into the 
chloroplasts. 

Example 4: 

Inhibition of chloroplastic glutamine synthetase by expression of the antisense gene 
in tobacco and rape seed 



The coding sequences for the chloroplastic isoenzymes of Nicotiana sylvestris and 
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Brassica napus were cloned by PCR methods from the genomic DNA of the 
respective plants. The resulting fragments were cloned as Apal fragments in 
antisense orientation between 35S-promoter and -terminator from CaMV located on 
the vector pRTIOO. The 35S-promoter/GS-antisense/35S-terminator cassettes were 
isolated as Pst1 fragments and cloned into the Pst1 site of the vector pHOE6/AcK3. 
This vector was transformed into the C58 Agrobacterium strain MP90RK (Koncz et 
al. supra (1986)). Tobacco and rape seed plants were transformed following 
published procedures. Plants were regenerated on Murashge and Skoog based 
media with reduced amounts of ammonia as described. 

Transformed plants were selected because of their resistance to the herbicide 
phosphinothricin (PPT). PPT resistant plants were screened with Southern Blot 
hybridization for the presence of the ASN-A gene. Southern positive plants were 
analysed for the inactivation of the chloroplastic glutamine synthetase gene by 
Northern blots. Plants with the most reduced GS RNA level were selected. 

Example 5: 

Inhibition of chloroplastic glutamine synthetase by expression of the respective 
antisense gene in maize 

The coding sequences for the chloroplastic isoenzymes of Zea mays, was cloned by 
PCR methods from the genomic DNA. The resulting fragment was cloned as Apal 
fragment in antisense orientation between 35S-promoter and terminator from CaMV 
located on the vector pRTIOO. The 35S-promoter/GS-antisense/35S-terminator 
cassette was isolated as Pst1 fragment and cloned into the vector pB2/AcK3. 
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This vector was used to transform maize protoplasts according to published 
procedures. Plants were regenerated on Murashge and Skoog based media with 
reduced amounts of ammonia as described. Transformed plants were selected 
because of their resistance to the herbicide phosphinothricin (PPT). PPT resistant 
plants were screened with Southern Blot hybridization for the presence of the ASN- 
A gene. Southern positive plants were analysed for the inactivation of the 
chloroplastic glutamine synthetase gene by Northern blots. Plants with the most 
reduced GS RNA level were selected. 

Example 6: 

Asparagin content in transgenic asparagin synthetase expressing plants 

Leaf material from wild type and different ransgenic asparagin synthetase 
expressing plants was homogenized in buffer. The extracts were run over a 
Biotronic amino acid analyser. Concentration of the amino acid asparagine were 
measured and are given in pmol/pl of extract. 



NT-WT 



NT-TPASN-2 NT-TPASN-3 



NT-TPASN-5 



NT-TPASN-11 



ASN 



586,855 



890,26 



3338,5551 



1506,6314 



992 t 0319 



The concentration of asparagine correlated with the expression of the asparagine 
synthetase gene as measured on Northern and Western Blots. 
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Example 7: 

Production of transgenic potato lines carrying the bacterial asparagine synthetase 
gene 

The above mentioned construct was used to transform potato plants (Solanum 
tuberosum L. cv. Desiree 25). The control, non-transformed plant material went 
through an in vitro regeneration process comparable to the transformants. The tuber 
tissues were transformed according to the process as described above using the 
Agrobacterium technology. 

The presence of the bacterial asnA gene was proven by hybridization of genomic 
plant DNAs with a chimeric gene specific fragment. The experiments confirmed that 
the transformants expressed the transferred gene while the control plants lacked the 
enzyme. 

Northern analysis was carried out by hybridization of total RNA from the transformed 
potato lines, the hybridization experiment indicated the presence of specific mRNA 
in the transformants whereas the control plant lines showed again no detectable 
signal. 

Example 8: 

Growth behaviour of transgenic maize and tobacco plants 

Transgenic asparagine synthetase expressing plants and transgenic asparagine 
synthetase expressing plants with reduced glutamine synthetase activity were grown 
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side by side with wild type plants in the greenhouse. The transgenic plants showed 
a more vigorous growth and flowered earlier than wild type plants. 

Field experiments with transgenic potato plants carrying the bacterial asparagine 
synthetase gene 



Experiment A 

Genotype Tuber weight per plant (gram) % of control 

Control plant 135.0 100.0 

Trans. Asl 168.6 124.0 

Trans. As2 182.3 135.0 



Experiment B 

Genotype Tuber weight per plot (kg) % of control 

Control Plant 8.16 100.0 

Trans. As! 11.39 139.5 

Trans. As2 10.94 127.0 



Having thus described in detail preferred embodiments of the present invention, it is 
to be understood that the invention defined by the appended claims is not to be 
limited to particular details set forth in the above description as many apparent 
variations thereof are possible without departing from the spirit or scope of the 
present invention. 
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WHAT IS CLAIMED IS: 

1 . A process for the production of plants with improved growth characteristics which 
comprises the following steps: 

- transfer and integration of a DNA sequence coding for a bacterial asparagine 
synthetase in the plant genome 

- wherein said DNA sequence is linked to a regulatory sequence which ensures 
expression of said gene in a plant cell and leading to the import of the derived 
protein into the chloroplasts and/or plastids of said plant cells and 

- regeneration of intact and fertile plants from the transformed cells. 

2. A plant cell expressing a prokaryotic ammonium specific asparagine synthetase 
in its chloroplasts and plastids. 

3. A plant cell according to claim 2 expressing further a gene construct leading to 
reduced level of its endogenous glutamine synthetase activity. 

4. A plant, seeds and propagation material containing cells as claimed in claims 2 
and 3. 

5. A gene construct comprising a gene encoding a prokaryotic ammonium specific 
asparagine synthetase operatively linked to a regulatory sequence which 
ensures expression of said gene in a plant cell and leading to the import of the 
derived protein into chloroplasts and/or plastids of said plant cell. 
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6. A gene construct according to claim 5, wherein the asparagine synthetase gene 
is an E.coli asparagine Synthetase gene with a chloroplastic leader peptide at its 
N-terminus. 

7. A vector containing a gene construct according to claims 5 and 6. 

8. A plant cell transformed with the gene construct according to claim 5 and 6 or 
with a vector according to claim 7. 
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WO 91/1 1524 discloses the expression of a prokaryotic ammonium specific 
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CLAIMS 

1 . A process for the production of plants with improved growth characteristics which 
comprises following steps: 

transfer and integration of a DNA sequence coding for a prokaryotic asparagine 

synthetase in the plant genome 

wherein said DNA sequence is linked to a regulatory sequence for the expression 
of said DNA and import of the asparagine synthetase into the chloroplasts and/or 
plastids of a plant cell and wherein said plant eel! expresses the asparagine 
synthetase in its chloroplasts and/or plastids and 
regeneration of intact and fertile plants from the transformed cells. 



2. A plant cell wherein a prokaryotic ammonium specific asparagine synthetase 
is expressed in its chloroplasts and plastids. 

/ 3. A plant cell according to claim 2 which contains a gene construct which provides 
a reduced level of expression of endogenous glutamine synthetase activity. 

4. A plant, seeds and propagation material containing cells as claimed in claims 2 and 
3. 

5. A gene construct comprising a gene encoding a prokaryotic ammonium specific 
asparagine synthestase operativeiy linked to a regulatory sequence for the expression of 
said DNA and import of the asparagine synthetase into the chloroplasts and/or plastids of 
a plant cell and wherein said plant cell expresses the asparagine synthetase in its 
chloroplasts and/or plastids. 
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6. A gene construct according to claim 5, wherein the asparagine synthetase gene is 
an E. coli asparagine Synthetase gene with a chioroplastic leader peptide at its N-terminus. 

7. A vector containing a gene construct according to claims 5 and 6 which gene 
construct comprises a sequence which encodes a chioroplastic leader peptide at its N- 
terminus. 

8. A plant cell transformed with the gene construct according to claims 5 and 6 or with 
vector according to claim 7. 
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